INTRODUCTION
============

Lung cancer is the most common cause of cancer-related death annually in the world \[[@b1-kjtcv-47-458]\]. Therefore, it is important to establish an early diagnosis in order to improve long-term survival. Nowadays, we have a wide range of imaging tests and diagnostic techniques that allow the study of the anatomical features of a tumor, its nature, or the presence of distant metastases.

Despite all these advances, we cannot always obtain a pre-operative cyto-histological diagnosis. Sometimes, tests such as bronchoscopy or transthoracic fine-needle aspiration biopsy (FNAB) have been inconclusive or not possible to perform. In these cases, the next step is diagnostic surgery.

On the other hand, the increasing use of radiological imaging techniques, as low-dose computer tomography (CT) scanning in lung cancer screening or positron emission tomography (PET), is causing an increasing incidental detection of pulmonary lesions suspicious for malignancy \[[@b2-kjtcv-47-458]--[@b4-kjtcv-47-458]\]. Thus, it is increasingly common to find indeterminate pulmonary lesions, which later turn out to be due to a benign disease and in which the treatment of choice would not have been surgery.

The aim of this study is to determine the incidence and characteristics of benign lesions removed in the context of lung cancer surgery.

METHODS
=======

1) Study design
---------------

We retrospectively evaluated 125 consecutive surgical procedures from April 2010 to December 2011. We compared the preoperative clinical or cyto-histological diagnosis with the surgical-pathologic diagnosis. Further, we calculated the number and the percentage of benign lesions removed in the context of lung cancer surgery.

Patients were divided into four groups according to the preoperative diagnosis: (1) patients with an indeterminate solitary pulmonary nodule (lesion\<3 cm); (2) patients with an indeterminate lung mass (lesion\>3 cm); (3) patients with an established diagnosis of lung cancer; and (4) patients with a diagnosis of pulmonary metastases. Subsequently, we analyzed the postoperative histopathology of each group. Moreover, other parameters were analyzed, such as age, sex, tumor size, the presence of calcification, and the type of surgery according subgroup.

2) Statistical analysis
-----------------------

First, we developed a database using Microsoft Access 2007 for Windows. We collected all the necessary information on patients who underwent pulmonary resection surgery for suspected or confirmed neoplastic disease, such as demographic data, preoperative diagnosis, surgical procedure, or postoperative pathological analysis.

All statistical analyses were conducted with SPSS ver. 15.0 (SPSS Inc., Chicago, IL, USA). Qualitative variables were expressed as absolutes frequencies and percentages, and numerical variables as means±standard deviations. Discrete variables were compared using the chi-square test or Fisher's exact test. Quantitative variables were analyzed using the Student t-test. Significance was set at p\<0.05.

3) Management of patients presenting pulmonary nodule
-----------------------------------------------------

Every patient with a chest radiograph suggestive of lung cancer was referred to the Rapid Diagnostic Unit for Lung Cancer (RDULC) within a maximum of seven days. Thereafter, the patient began the diagnostic process shown in [Fig. 1](#f1-kjtcv-47-458){ref-type="fig"}. The management of indeterminate pulmonary lesions was performed according to the classic Evidence-Based Clinical Practice Guidelines \[[@b5-kjtcv-47-458]\]. Unfortunately, PET scanning was not available at our hospital at the time of this study.

In all cases, a multidisciplinary lung cancer committee consisting of pneumologists, oncologists, radiologists, thoracic surgeons, and pathologists assessed the indications for surgery. Preoperative cardiopulmonary evaluation was performed in all cases. The nutritional status was also studied. All patients underwent posterolateral thoracotomies.

4) Informed consent
-------------------

Given the retrospective nature of data collection, informed consent was not obtained from the patients, although the Clinical Research Ethics Committee of Vigo University Clinical Hospital approved this study.

RESULTS
=======

A total of 125 patients were retrospectively included in the study. The average age was 63.41±11.11 years with a range of 30.46 to 80.73 years. Eighty-eight of these patients were men versus 37 women. We performed a subgroup analysis for age. We did not find a statistical significance (p=0.319) between Patients with benign lesions (60.36±12.74 years) and the group with a postoperative diagnosis of malignancy (63.73±10.93 years).

With respect to the gender variable, 11 (12.5%) of the 88 men who made up the series underwent surgery for benign lesions, and the remaining 77 (87.5%) male patients had a postoperative diagnosis of malignancy. Thirty-seven cases were women, of which 1 (2.7%) belonged to the group of surgery for benign lesions, and 36 (97.3%) belonged to the group with a postoperative diagnosis of malignancy. There was no statistically significant difference (p=0.108) with respect to gender between these two groups.

When we analyzed the two previous variables, age and gender, together, we observed that the average age of male patients (63.74±10.75 years) was slightly higher than that of the female patients (62.62±12.04 years). This distinction was not statistically significant (p=0.611).

In terms of the diagnosis, of the 125 patients included in the study, 63 (50.4%) had a preoperative histological diagnosis of malignancy, corresponding to 56 (44.8%) primary lung tumors and 7 (5.6%) metastases. CT-guided transthoracic FNAB was diagnostic in 34 cases and bronchoscopy was diagnostic in 29 cases. The remaining 62 (49.6%) cases without a preoperative histological diagnosis were divided among 50 (40%) solitary pulmonary nodules and 12 (9.6%) pulmonary masses ([Fig. 2](#f2-kjtcv-47-458){ref-type="fig"}). According to the postoperative pathologic examination, we identified 12 (9.6%) benign lesions excised. Of these, 10 (20%) cases were in the group of 50 solitary pulmonary nodules, 1 case was in a group of 12 undiagnosed lung masses, and 1 case was in the group of 56 patients with a preoperative diagnosis of primary lung cancer (false positive fine-needle aspiration biopsy interpretation). No unnecessary procedures were identified in the group of pulmonary metastases ([Fig. 3](#f3-kjtcv-47-458){ref-type="fig"}). Diagnoses of these benign lesions were inflammatory nodules (8 cases, 66.7%), pneumonia (1 case, 8.3%), anthracotic nodule (1 case, 8.3%), fibrosis (1 case, 8.3%), and pulmonary amyloidosis (1 case, 8.3%) ([Table 1](#t1-kjtcv-47-458){ref-type="table"}).

With respect to the tumor size, we observed that the maximum mean diameter of benign lesions (17 mm) was smaller than the maximum mean diameter of neoplastic lesions (30.38 mm). By analyzing this variable with the Student t-test, we obtained statistical significance (p=0.045). Similarly, calcifications in benign lesions (16.7%) were more frequent than in malignant lesions (6.2%) ([Table 2](#t2-kjtcv-47-458){ref-type="table"}).

As for the treatment and surgical technique for benign lesions, a wedge resection was performed in 8 cases; enucleation in 1 case; lobectomy in 2 cases; and pneumonectomy in 1 case due to intraoperative complications. In all cases without a preoperative diagnosis, an intraoperative analysis was essential for choosing the appropriate surgical technique. In our analysis we found statistical significance (p=0.025), and wedge resection was considered the surgical technique of choice in all benign lung lesions whenever possible.

DISCUSSION
==========

Cancer is the second leading cause of death (23.1%) in the world, after heart disease, according to the National Centre for Health Statistics \[[@b6-kjtcv-47-458]\]. Lung cancer accounts for more deaths than any other type of cancer in both men and women. An estimated 159,480 deaths, accounting for about 27% of all cancer deaths, were expected to occur in 2013 in the United States \[[@b1-kjtcv-47-458]\]. A study published \[[@b7-kjtcv-47-458]\] in 2009 showed an upward trend in mortality but with a decrease in the growth of the percentage; thus, it is expected that in the coming decades, there will be a stabilization and even a subsequent decline in the incidence of the disease.

Diagnostic tools for the early detection of lung cancer are becoming increasingly common. Nonetheless, most cases are diagnosed at advanced stages and curative treatment is not possible. The creation of a RDULC can improve the prognosis of the disease by favoring early detection. In Vigo University Clinical Hospital, all patients with clinical or radiological suspicion of lung cancer should be referred to a specialist before seven days in order to start the diagnostic process.

Current strategies to distinguish between benign and malignant nodules include close radiological follow-up, tissue biopsy, and surgical resection. As surgeons, we must find a careful balance between attempting to identify and resect early-stage lung cancer and minimizing the rate of resection of benign pulmonary lesions.

A CT scan can provide clues as to whether a solitary pulmonary nodule is benign or malignant. CT scans with dynamic contrast enhancement have been proven to be highly sensitive but non-specific for identifying malignant nodules. In our review, the CT scan showed that benign lesions had a smaller tumor size and an increased presence of calcifications.

Another test that can be useful is a PET scan. A meta-analysis published in 2001 by Gould et al. \[[@b8-kjtcv-47-458]\] established the sensitivity and the specificity of PET to be around 96.8% and 77.8%, respectively. This implies that a PET scan can lead to false positive results. Increased uptake of fluorodeoxyglucose is not due exclusively to malignant tumors. Several chronic infectious or inflammatory processes, such as histoplasmosis, tuberculosis, or silicosis, and some benign tumors such as hamartomas, can give false positive images, which can be misleading \[[@b9-kjtcv-47-458]\].

Complementing these imaging tests, we have other tools that sometimes let us obtain a preoperative cytological or histological diagnosis. Using flexible bronchoscopy, we can obtain samples through bronchoalveolar lavage, bronchoaspiration, bronchial biopsy, or thoracoscopic fine-needle aspiration. The diagnostic yield of CT-guided transthoracic FNAB confirming malignancy in peripheral 2-cm nodules is 80% to 90%, which decreases to 50% to 70% in nodules smaller than 2 cm or located near the pulmonary hilum \[[@b10-kjtcv-47-458]\]. However, FNAB has its limitations in the study of benign lung disease. This was reflected in a study \[[@b11-kjtcv-47-458]\] in which 38 of the 140 patients who had undergone lung resection for benign pulmonary nodules had preoperative FNAB. Twenty-nine of the 38 cases (79%) of these biopsies were considered non-diagnostic. Four cases were false positive for neoplastic disease, and only 5 of the 38 cases yielded a benign diagnosis. On the other hand, thoracoscopic fine-needle aspiration biopsy could be a good alternative for a centrally located solitary pulmonary nodule suspected of being lung cancer \[[@b12-kjtcv-47-458]\].

The ideal situation would be one in which, once the diagnosis process is complete, we could obtain a histological diagnosis. Discerning between benign and malignant pulmonary lesions is an important factor in surgical decision-making. However, despite all the diagnostic advances made so far, this is not always possible. Sometimes, we have to perform surgery to obtain a diagnosis. The aim of this study is to determine the prevalence and characteristics of benign lesions, for which we had no preoperative diagnosis, that were excised during lung cancer surgery. Although surgery is sometimes a necessary procedure simply for diagnosis, it should be the last resort in a thorough diagnostic process because surgery is an invasive procedure for the patient.

On the basis of a thorough review of medical literature, we observed that the percentage of benign tumors resected in lung cancer surgery has been decreasing over time. This is partly due to the availability of new diagnostic techniques and the formation of multidisciplinary committees on lung cancer. Toomes et al. \[[@b13-kjtcv-47-458]\] collected the data of 955 cases that underwent surgery between 1970 and 1980, finding 51% of the benign nodules resected. In 2000, Rubins et al. \[[@b14-kjtcv-47-458]\] published a series of reports on 540 patients operated between 1981 and 1994; they identified 21% of the benign nodules resected. In a recent series of cases \[[@b15-kjtcv-47-458],[@b16-kjtcv-47-458]\], as compiled by Smith from 1995 to 2002, the values were much lower---around 9%, similar to those obtained in our study (9.6%). Therefore, it is expected that over time, these figures will decrease further. We consider this percentage of benign lesions excised to be a quality management index of indeterminate lung lesions. A higher percentage than that reported by different groups in the scientific literature could mean a mishandling of indeterminate lung lesions. Although it is impossible to completely eliminate resections of benign lesions, it is important to exhaust every option to make these resections as uncommon as possible without compromising the early diagnosis and resection of actual lung cancers.

With respect to the histology of benign lung lesions, several diagnoses are possible. The most common findings correspond to infectious processes, inflammatory or cicatricial nodules, or amyloidosis. Further, although parenchymal hamartomas are slow-growing and usually asymptomatic tumors, we decided not to include them in this study. We consider these tumors to have a neoplastic pathology, although most of the time, they do not exhibit malignant behavior.

With respect to surgical treatment, indeterminate pulmonary nodules should be treated by wedge resection whenever possible. The surgical resection should then be extended if in-traoperative cyto-histological analysis shows malignancy. At the time of this study, all our patients underwent surgery through a thoracotomy. We initiated the video-assisted thoracic surgery (VATS) program one year later. Kuo et al. \[[@b17-kjtcv-47-458]\] affirmed that VATS has led to an increase in our overall benign lesion resection rate, which can be explained by the increased number of VATS wedge resections that are being performed. Nevertheless, we believe that currently, VATS is a better option in these cases. VATS has been shown to be associated with decreased morbidity and mortality compared with traditional thoracotomy approaches in multiple randomized controlled trials \[[@b18-kjtcv-47-458]\].

The limitations of our study include a retrospective design with a small sample size, which decreases the power to detect differences between patients who present benign lesions and patients with a malignant disease. Furthermore, we did not have the essential diagnostic tool of PET at the time of this study.

In conclusion, the study of an indeterminate pulmonary nodule is a major challenge for physicians. The aim of our study was to determine the prevalence and characteristics of benign lesions removed in the context of lung cancer surgery. Our results (9.6% of lung resections) were very similar to those of the most current studies published recently. We conclude that this implies the effective management of an indeterminate pulmonary nodule. An analysis of different variables revealed that the group of patients undergoing surgery for benign lesions had a lower average age, those for lung lesions had a higher percentage of calcifications, and the tumor size was smaller than in the case of neoplastic disease. Furthermore, wedge resection is the surgical technique of choice for pulmonary benign tumors in order to preserve the lung parenchyma.
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###### 

Benign lesions

  Diagnosis               Value
  ----------------------- ----------
  Inflammatory nodule     8 (66.7)
  Pneumonia/pneumonitis   1 (8.3)
  Anthracotic nodule      1 (8.3)
  Fibrosis                1 (8.3)
  Amiloidosis             1 (8.3)

Values are presented as number (%).

###### 

Variables and results

  Variables                   Benign lesions (n=12)   Neoplastic lesions (n=113)   p-value
  --------------------------- ----------------------- ---------------------------- ---------
  Age (yr)                    60.36±12.74             63.73±10.93                  0.319
  Sex                                                                              0.108
   Male                       11                      77                           
   Female                     1                       36                           
  Tumoral size (mm)           17±3.66 (*σ* 13.43)     30.38±4.73 (*σ* 22.41)       0.045
  Nodule                      10 (83)                 74 (65.5)                    0.33
  Mass                        2 (17)                  39 (34.5)                    
  Location                                                                         
   Upper lobes/middle lobes   6 (50)                  56 (49.5)                    
   Lower lobes                6 (50)                  54 (47.8)                    
   Hilum                      0                       3 (2.7)                      
  Calcifications              2 (16.7)                7 (6.2)                      0.21

Values are presented as mean±standard deviation, number, or number (%).
